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(57)Abstract: 

PURPOSE: To provide a thick-film resistor forming paste which has almost the same 
electrical characteristics as the conventional one and is inexpensive than the conventional 
one. 

CONSTITUTION: A thick-film resistor forming paste is substantially formed of conductive 
particles, a glass frit and an organic vehicle. The conductive particle is rhenium oxide, the 
surface of which particle is covered partly or wholly with a coating layer composed of one 
or two kinds selected from ruthenium oxide, iridium oxide and rhodium oxide. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The paste for thick film resistor formation characterized by being the rhenium oxide 
particle by which some or all on the front face of a particle is covered with the enveloping layer 
which said conductive particle becomes from a kind of ruthenium oxide, iridium oxide, and the 
rhodium oxide, or two sorts in the paste for thick film resistor formation constituted substantially 
with a conductive particle, a glass frit, and an organic vehicle. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the paste used in order to form the resistor element 

of a hybrid IC or a thick- film chip. 

[0002] 

[Description of the Prior Art] Although used cheaply [ the thick film resistor component in an 
electronic ingredient ], and easily extensively from there being high-reliability, current [ which 
industrial engineering has established mostly ], and the thing which can be supplied increasingly 
with high quality and at a low price are required. This thick film resistor only prints and calcinates 
the paste for thick film resistor formation on a substrate, and can form the resistor element in a 
circuit. This paste consists of substantially organic vehicles added in order to make a conductive 
particle, a glass frit, and them into the shape of a paste suitable for printing. In almost all cases, in the 
actual condition, lead borosilicate system glass, such as lead borosilicate glass (PbO-Si02-B-2 03) 
and alumino lead borosilicate glass (Pb0-Si02-B-203-aluminum 203), is used for the glass frit for a 
diacid-ized ruthenium (Ru02) or Ru system pyrochlore (Bi2Ru207-X, Pb2Ru207-X) as a 
conductive particle. 

[0003] Ru system oxide is used as a conductive particle because the relation (loading curve) of the 
electric resistance value over conductive particle weight mainly changes gently-sloping. Lead 
borosilicate system glass is used for a glass frit because a coefficient of thermal expansion is suitable 
for it of an alumina substrate and near, viscosity and the temperature dependence of surface tension, 
the wettability of Ru02, etc. are suitable for this paste system, this basic presentation — in addition, 
adjustment of the temperature coefficient (TCR) of resistance, printing nature, the trimming nature 
by laser, the printing sagging nature at the time of baking, adhesion with a substrate, and a conductor 
— various additives were added in consideration of the difference of reactivity with an electrode, and 
an expansion coefficient with coat glass etc., and the paste of varieties has so far been developed 
dramatically. 

[0004] The ruthenium oxide of the electrical property being recognized as a fault of Ru system 
resistive paste as a problem of another dimension for many years is an expensive thing compared 
with glass or the usual oxide raw material. Although there are iridium, a rhodium, etc. as an element 
which can be replaced with a ruthenium in property, these are still more expensive than a ruthenium. 
Although the cutback of cost was completed when the conductive particle cheaper than this could be 
substituted for the whole ruthenium oxide or a part, without reducing electrical characteristics, such 
[ until now ] an effective alternative was not known. 
[0005] 

[Problem(s) to be Solved by the Invention] Conventionally, the technical problem of this invention 
has electrical characteristics almost the same as elegance, and they are to offer the cheap paste for 
thick film resistor formation compared with elegance conventionally. 
[0006] 

[Means for Solving the Problem] This invention is in the paste for thick film resistor formation 
characterized by being the rhenium oxide particle by which some or all on the front face of a particle 
is covered with the enveloping layer which said conductive particle becomes from a kind of 
ruthenium oxide, iridium oxide, and the rhodium oxide, or two sorts in the paste for thick film 
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resistor formation constituted substantially with a conductive particle, a glass frit, and an organic 
vehicle. 

[0007] The organic vehicle for printing and additives other than these are used for the conductive 
particle of this paste for thick film resistor formation, and a glass frit list by the same blending ratio 
of coal as the conventional paste for thick film resistor formation. 

[0008] the conductive particle used by this invention — a rhenium oxide (Re 203, or Re02, Re03 
and Re 207) particle — a subject — carrying out — and the particle front face — ruthenium oxide, 
iridium oxide, rhodium oxide, and ** — it is characterized by being the structure where the whole or 
part was covered with an inner kind or two sorts or more, this invention ~ a ruthenium oxide — 
ruthenium oxide (namely, Ru02, Ru03, or Ru04) and ruthenium system pyrochlore (namely, 
Pb2Ru207-X --) Bi2Ru207-X, T12Ru 207, etc. - containing - iridium oxide - oxidization iridium 
(namely, Ir 203 or Ir02) and iridium system pyrochlore (namely, Pb2Ir207-X — ) With rhodium 
oxide, an oxidization rhodium (namely, Rh2 03, Rh02, or Rh03) and rhodium system pyrochlores 
(Pb2Rh207-X, Bi2Rh207-X, T12Rh 207, etc.) shall be included, including Bi2Ir207-X, Lu2Ir 207, 
etc. 

[0009] A glass frit is used that what is necessary is just to make into a subject the lead borosilicate 
glass used for the usual paste for thick film resistor formation, being corrected to the presentation 
which usually contains an alumina, a zinc oxide, calcia, a titania, the barium oxide, etc. in this 
ternary system. 

[0010] The conductive particle of this invention forms the thin film of Ru, Ir, or Rh in a rhenium 
oxide particle front face by vacuum evaporationo, sputtering, etc., heats this and forms an oxide film. 
Furthermore, it can obtain also by dry type or wet ball mill mixing. For example, a zirconia ball etc. 
may be used as a churning medium, and the usual water flat tip ball mill mixing may be performed 
without existence under existence of a distributed solvent, and the mixed high mill of the mechanical 
pressure of vibration mills, such as SPEX (Sytech Corporation), the attritor mill (Union Process Inc.) 
of Szegravi which carries out electric churning compulsorily with agitator feather, etc. may be used. 
[001 1] When using a vibration mill and an attritor mill, in addition to rhenium oxide powder, a kind 
of ruthenium oxide, oxidization iridium, an oxidization rhodium, ruthenium system pyrochlore, 
iridium system pyrochlore, and the rhodium system pyrochlores or two sorts or more are mixed, a 
ceramic and the hard ball made from stainless steel are used, and compulsive churning mixing is 
performed for dry type or water, or alcohol with a little ****** W et. 

[0012] Moreover, when there are few amounts of solvents which add the case where it carries out by 
dry type, and wet, in consideration of that a conductive particle is expensive, friction by agitator 
feather, or churning nature, the glass frit added to a conductive particle may be beforehand mixed at 
this process. 
[0013] 

[Function] Since oxidation will progress to Re 207 on the way, this will sublimate at low 
temperature (250 degrees C) and a rhenium component will be lost if it mixes with glass and heats 
by independent [ its ], after calcinating rhenium oxide at an elevated temperature, the conductivity as 
a resistor of it will almost be lost. However, after attaching the film for a ruthenium compound, an 
iridium compound, or a rhodium compound by vacuum evaporationo or the spatter, by oxidizing 
these film, the part into which a rhenium oxide particle front face comes into contact with 
atmospheric air or a vehicle decreases, volatilization of a rhenium component is suppressed during 
baking, and it becomes possible to use it as a conductive component of the paste for thick film 
resistor formation. 

[0014] Moreover, a rhenium oxide particle is covered by particles, such as a diacid-ized ruthenium 
with the fine front face of a rhenium oxide particle, when performing ball mill mixing with particles, 
such as ruthenium oxide, oxidization iridium, an oxidization rhodium, ruthenium system pyrochlore, 
iridium system pyrochlore, and rhodium system pyrochlore. Furthermore, when mixing with the ball 
mill by which powerful churning, such as a vibration mill and attritor, was accompanied, some 
rhenium atoms refuse association with oxygen, it may become a metal cluster, or it may permute by 
a ruthenium atom etc. and a rhenium oxide front face may deteriorate to the structure of 0(Re, Ru)2 
grade. 

[0015] Therefore, the metal of a rhenium oxide particle surface layer or a cluster condition which 
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stored many distortion promotes Re to the inside of glass, and diffusion of Ru, the distributed 
condition of a conductive particle becomes good, and it has good effect also on electrical properties, 
such as a noise, at the same time volatilization of a rhenium component is suppressed during baking. 
[0016] Moreover, in adding a glass particle and carrying out ball mill mixing with this, while 
condensation of rhenium oxide or a diacid-ized ruthenium can be taken with the mechanical pressure 
which joins a conductive particle and dispersibility becomes good by the glass particle, when a high 
energy mill is used, the temperature of a contact part rises, and a part of rhenium and ruthenium 
carry out ** ON into a glass particle as microscopic grains or a cluster according to this heat 
mechanical effectiveness. If a glass frit with such the special fine structure is used for a paste, the 
noise of a resistor element is reduced and electrical strength can be improved. 

[0017] as mentioned above ~ without, as for each rhenium oxide particle covered with oxides, such 
as a ruthenium, iridium, and a rhodium, in the front face, electric conductivity falls — moreover — the 
time of paste baking — the glass matrix from these particles — turning — diffusion of a rhenium or a 
ruthenium ~ usually — a paste and an EQC — or since it is carried out more than it, dispersibility 
goes up, a noise is reduced and the resistor using this shows a good resistor property, though cheap 
quality of an alternative called rhenium oxide is used. 
[0018] 
[Example] 

15g [ of powder of example 1 rhenium oxide (Re 203) ], 5g [ of powder of a diacid-ized ruthenium 
(Ru02) ], and ethyl alcohol 8ml was put into the plastic envelope with zirconia ball 150g, and level 
ball mill mixing was performed for seven days. This was filtered, it dried and surface treatment 
rhenium oxide / diacid-ized ruthenium mixed powder was obtained. When embedding of this powder 
was carried out to n-butyl methacrylate resin, the resin piece which includes a powdered cross- 
section slice by the ultramicrotome (ULTRACUT-E) made from Reichert-Jung was produced and 
this was observed with the acceleration voltage of 200kV with the JEM[ by JEOL Co., Ltd. ]- 
2000EX mold transmission electron microscope, another structure of seeming a diacid-ized 
ruthenium near the front face of a rhenium oxide particle was observed. 

[0019] The organic vehicle which uses glass frit 18g, and the ethyl cellulose and the terpineol of the 
presentation of 55.4(all %s express weight % below) %PbO-24.7%Si02-12.3%B-203-8.5% 
aluminum 203 by weight % to 2g of this powder as a principal component was used as resistive 
paste so that it might become 30% of the weight of the whole. This was screen-stenciled in size 
(15mmxl5mm and lmmxlmm) on the alumina substrate, and it calcinated after 10-minute 
desiccation at 120 degrees C, and calcinated with the continuous furnace for 10 minutes at the peak 
temperature of 850 degrees C. 

[0020] When the size 15mmxl5mm resistor was started with a diameter of 3mm in the shape of 
[ thin ] a disk using the ultrasonic cutter the whole substrate, Ar ion accelerated to 4kV with the ion 
grinder was irradiated from the alumina substrate side, the small hole was made and the thin field 
near the hole was observed with the acceleration voltage of 200k V with the JEM[ by JEOL Co., 
Ltd. ]-2000EX mold transmission electron microscope, the conductive particle distributed in the 
glass matrix was observed. Next, the electrical property of a size lmmxlmm resistor was measured, 
and it became as it is shown in a table 2 about sheet resistivity, TCR, the noise, and ESD 
(electrostatic proof pressure), here — TCR — the rate of change by the room temperature and the 
difference with a resistance of 125 degrees C — a table — it is a thing the bottom and ESD shows the 
rate of change of the resistance after discharging 5 times at intervals of 1 second from a capacitor 
with a capacity of 200pF under the electrical potential difference of 1000V. 

[0021] After putting in 15g of powder of an example diacid-ized rhenium (Re 203), 5g of powder of 
a diacid-ized ruthenium (Ru02), and 100 cc of water into the union process company MA-01 mold 
attritor mill with 0.11. of steel balls with a diameter of 1/8 inch and mixing by agitator rotational 
frequency lOOrpm for 5 hours, it filtered and dried and surface treatment rhenium oxide / diacid-ized 
ruthenium mixed powder was obtained. After this, the thick film resistor was produced like the 
example 1 by having been made from this mixed powder, and that electrical property was measured. 
[0022] After putting in 15g of powder of example 3 rhenium oxide (Re 203), 5g of powder of 
oxidization iridium (Ir 203), and 100 cc of water into the union process company MA-01 mold 
attritor mill with 0.11. of steel balls with a diameter of 1/8 inch and mixing by agitator rotational 
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frequency lOOrpm for 5 hours, it filtered and dried and surface treatment rhenium oxide / oxidization 
iridium mixed powder was obtained. The organic vehicle which uses glass frit 16g, and the ethyl 
cellulose and the terpineol of the presentation same to 4g of this mixed powder as an example 1 as a 
principal component was used as resistive paste so that it might become 30% of the weight of the 
whole. After this, the thick film resistor was produced like the example 1 by having been made from 
this resistive paste, and that electrical property was measured. 

[0023] After putting in 15g of powder of example 4 rhenium oxide (Re 203), 5g of powder of lead 
ruthenium pyrochlore (Pb2Ru207-X), and 100 cc of water into the union process company MA-01 
mold attritor mill with 0.11. of steel balls with a diameter of 1/8 inch and mixing by agitator 
rotational frequency lOOrpm for 5 hours, it filtered and dried and surface treatment rhenium oxide / 
lead ruthenium pyrochlore mixed powder was obtained. The organic vehicle which uses glass frit 
16g, and the ethyl cellulose and the terpineol of a presentation of 65.1%PbO-26.5%SiO2-0.8%B- 
203-7.6%aluminum 203 to 4g of this mixed powder as a principal component was used as resistive 
paste so that it might become 30% of the weight of the whole. After this, the thick film resistor was 
produced like the example 1 by having been made from this resistive paste, and that electrical 
property was measured. 

[0024] After putting in 15g of powder of example 5 rhenium oxide (Re 203), 5g of powder of 
bismuth rhodium pyrochlore (Bi2Rh207-X), and 100 cc of water into the union process company 
MA-01 mold attritor mill with 0.11. of steel balls with a diameter of 1/8 inch and mixing by agitator 
engine-speed lOOrpm for 5 hours, it filtered and dried and surface treatment rhenium oxide / bismuth 
rhodium pyrochlore mixed powder was obtained. In addition, the organic vehicle which uses glass 
frit 16g, and the ethyl cellulose and the terpineol of the same presentation as an example 4 as a 
principal component was used as resistive paste at 4g of this mixed powder so that it might become 
30% of the weight of the whole. After this, the thick film resistor was produced like the example 1 
by having been made from this resistive paste, and that electrical property was measured. 
[0025] The glass frit of the same presentation as an example 1 was mixed with the powder of an 
example of comparison 1 diacid-ized ruthenium (Ru02) with V blender, 20g of powder with which a 
diacid-ized ruthenium is contained 10% was prepared, after this, the thick film resistor was produced 
like the example 1 by having been made from this mixed powder, and the electrical property was 
measured. 

[0026] Mixing the glass frit of the same presentation as an example 4 with the powder of example of 
comparison 2 lead ruthenium pyrochlore (Pb2Ru207-X) with V blender, 20g of powder with which 
lead ruthenium pyrochlore is contained 20% was prepared, and the rest produced the thick film 
resistor like the example 1 , and measured the electrical property. 

[0027] Mixing the glass frit of the same presentation as an example 4 with the powder of example of 
comparison 3 rhenium oxide (Re 203) with V blender, 20g of powder with which rhenium oxide is 
contained 10% was prepared, and the rest produced the thick film resistor like the example 1, and 
measured the electrical property. The electrical property of the resistor obtained with each paste by 
the table 1 in the configuration of the paste of examples 1-5 and the examples 1-3 of a comparison is 
shown in a table 2. 
[0028] 
[A table 1] 

The configuration of a paste Main electric conduction object Surface treatment component The 

surface treatment approach An electric conduction object and glass ratio of a frit 

example 1 Re 203 Ru02 A ball mill 1 :9 2 Re 203 Ru02 Attritor 1 :9 3 Re 203 20Ir3 

attritor 2:8 4 Re 203 Pb2Ru207-X Attritor 2:8 5 Re 203 Bi2Rh207-X Attritor 2:8 Example 1 of a 
comparison Ru02 - - 1:9 2 Pb2Ru207-X- - 2:8 3 Re203- - 1:9 [0029] 
[A table 2] 

Electrical property of a resistor Sheet resistivity value TCR Noise ESD log (omega/**) (ppm/degree 
C) (dB) (%) 

The example 1 4.22 - 248 2.5 -0.09 2 4.39 - 168 - 7.4 0.05 3 3.58 - 87 - 

14.3 -0.64 4 4.26 - 159-4.0 -0.21 5 3.81 64 -11.6-0.10 Example 1 of a comparison 3.2862 -8.21.86 
2 3.59- 48 -13.9 -1.55 3 10.26 Measurement improper off-limits - 10.93 [0030] If the electrical 
property of the resistor produced in the above example and example of a comparison is seen, the 
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resistor by this invention It is the range correctable to a fitness value enough by addition of a little 
regulator although TCR is a little large to negative compared with the usual thick film resistor which 
used a diacid-ized ruthenium and ruthenium system pyrochlore. If ESD and the noise have the 
almost equivalent electrical property, what has a lower noise level is obtained depending on 
production conditions, therefore rhenium oxide passes through the surface treatment of the above- 
mentioned publication, it is clear that it can be used as an electric conduction object for resistive 
paste. However, if rhenium oxide is used as it is, without passing through surface treatment, as 
shown in the example 3 of a comparison for evaporation under baking, as for the electrical property, 
business as a resistor will not be accomplished. 



[Effect of the Invention] Since a rhenium can be substituted for most conductive powder raw 
materials according to this invention, without replacing the conventional ruthenium and lowering a 
property, a price can be reduced and the class and property of a product can be extended. 



[Translation done.] 
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